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Available online 29 August 2014AbstractIn order to explore the rules of the deformation force during the launching of a small-diameter steel cartridge, the semi-closed bomb test
method is used to test the greatest strains on chamber outer wall under the different chamber pressures. The pressure curves of cartridge chamber
are measured in experiment, and the tensile test data of cartridge are loaded into the numerical calculation to compare with the experimental
data. The conclusion was obtained that the calculated results match better with the experimental results by considering strain rate bilinear
kinematic hardening material constitutive model. The forces on the various parts of the cartridge during launching and their deformation rules
are achieved, in which the equivalent plastic strain decreases and the cylinder ring withstands the maximum equivalent stress when the cartridge
case clings to the bore from the mouth to the bottom.
Copyright © 2014, China Ordnance Society. Production and hosting by Elsevier B.V. All rights reserved.
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Since the deformation of each part of cartridge case
during the firing process is very complex, it is usually
difficult to reproduce the interaction between cartridge case
and chamber. The semi-closed bomb test is an important
means to study the problem. However, because of technical
limitations, the method does not intuitively obtain the forces
and deformations of various parts of the cartridge in the
chamber. A feasible method is to calculate indirectly the
deformation of cartridge case by testing the deformation of
chamber outer wall. In recent years, a lot of work has been
done for the study of cartridge launching process. Sun et al.
[2] proposed an experimental platform for the mechanism
research on the gun launching dynamics and formulated a* Corresponding author.
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processes of hydraulic buffering and pressure discharge
reduction and the interior ballistics equations. Nassehi et al.
[1] established a finite-element model of combined free/
porous flow regimes to simulate flow through pleated car-
tridge filters. It has been demonstrated that the model pre-
sents a cost effective, robust and reliable design tool to
enable engineers to appraise the operation of such filters. Shi
et al. [3] proposed an inverse method to determine material
parameters. The method uses a finite element model and
measures the resonance frequencies as a non-destructive
technique to characterize the materials.
Based on the above analysis, this paper used a combination
of experiment and computer numerical simulation. The
chamber pressure curve of cartridge bore and the tensile test
data of steel cartridge case were both used in numerical
calculation. The best way was determined to characterize the
stressestrain conditions of cartridge case in the launching
process of gun by comparing the numerical calculation and
test results of the cartridge outer wall deformation.Elsevier B.V. All rights reserved.
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With the change of pressure in the chamber, the cartridge
case is deformed and displaced. The changing process of
pressure is described in terms of the following four stages. The
first stage is to start from the radial deformation of cartridge
chamber to the elimination of initial clearance, which is
characterized by the deformation of the cartridge case. With
the increase in pressure in the chamber, the elastic deformation
begins. When the force exceeds the elastic limit, the cartridge
case is plastically deformed and its material is strengthened.
The results of radial expansion and deformation of the car-
tridge case are to eliminate the initial radial clearance so that
the cartridge case wall contacts the chamber wall, which plays
a role in sealing the powder gas. The second stage is from the
elimination of initial clearance to the appearance of maximum
pressure in cartridge chamber. The maximum tangential de-
formations of cylinder case and chamber result from the
maximum chamber pressure. Cartridge chamber is elastically
deformed, and the cartridge case is elastically and plastically
deformed. In this stage, the cartridge case is subjected to a
complex force. In particular, the stress state of the cartridge
case base is extremely complex. The third stage is from the
drop in bore pressure to the ceasing of residual effect. In the
stage, with the drop in bore pressure, the chamber wall is
restored to its initial position. Due to the plastic and elastic
deformations of cartridge case, it can't be restored to its
original position. At the end of the launch, a clearance may
exist between the cartridge case and the chamber, it may still
be in the interference condition. The fourth stage is the ceasing
of residual effect to the bore pressure dropping to atmospheric
pressure. For general-purpose artillery, the ejection of car-
tridge case is carried out during this period. At that time, the
chamber wall returns to the initial position, the elastic re-
covery of the cartridge case wall is ended, and the residual
deformation due to plastic deformation keeps it from returning
to the initial position [1].
3. Launch test of cartridge case in bore3.1. Principle of test setupThe test setup consists of firing mechanism, chamber,
pressure gage, outgassing device, strain measuring device,
pressure relief flaps, plug and so on. Before the test, a cartridge
case filled with a certain amount of charge is loaded into theFig. 1. Assembly diagram of test setupcartridge chamber, and the firing mechanism is screwed on.
Make sure that the surface of the cartridge case base is coin-
cided with the front face of firing mechanism, and the mouth
of the cartridge case is coincided with the neck bush of
chamber. The detailed assemblage of the test setup is shown in
Fig. 1. After the commissioning of test setup, the firing device
is pulled, and the cartridge case primers ignite the gunpowder.
A mass of gas is instantaneously released when the gunpowder
burns, and the in-bore pressure rises rapidly. The pressure
breaks through the aluminum slice when it exceeds the
maximum shear stress of aluminum slice. At this time, the in-
bore pressure is decreased to atmospheric pressure. The
pressure measuring device is used to record the change process
of pressure in the bore. The strain measuring device which are
affixed to the outer wall of the chamber are used to record the
strain changes at that point. Fig. 2 shows the installed physical
test setup.3.2. Test resultSingle-base powder 6/7 was chosen as a propellant, and
three launch tests of cartridge cases with different charge
masses were carried out. Table 1 shows the maximum chamber
pressure and the surface strain data of chamber. Fig. 3 shows
the measured in-bore pressure curves. The curves will be used
for subsequent numerical calculations.
4. Numerical calculation
The numerical calculation model is established based on
the following basic assumptions.
(1) The shape of cartridge case is ideally axisymmetric
cylindrical.
(2) The material is homogeneously and isotropically
distributed.
(3) The chamber pressure which the interior wall of cartridge
casewithstands at the same time is constant and uniform [4].4.1. Selection of material constitutive modelANSYS/LS-DYNA dynamics analysis software was used
in calculation. LS-DYNA has more than 150 kinds of mate-
rial constructive models. The material parameters are quite
different. As mentioned before, the elastic model was chosen
to simulate the actual launching process of chamber only atfor firing the cartridge case in bore.
Fig. 2. Physical photo of test setup for firing the cartridge case in bore.
Table 1
Test results.
No. Aluminum
slice
thickness/mm
Charge
mass/g
Theoretical
maximum
pressure/MPa
Measured
maximum
pressure/MPa
Test
position/mm
1 1.0 19.62 81 74.5 0.1065
2 1.5 27.97 112 118.4 0.667
3 2.0 35.83 149.5 164.9 0.955
Fig. 4. PLASTIC_KINEMATIC model.
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provides an isotropic hardening bilinear kinematic constitu-
tive model to simulate the launching process of cartridge in
chamber. The model is a mixed isotropic and kinematic
hardening model, which selects isotropic or kinematic hard-
ening by adjusting the hardening parameter b between
0 (only kinematic hardening) and 1 (only isotropic
hardening).
The yield stress was set before the simulation by consid-
ering the damage of structural elements, the failure strain was
set by considering whether the failure element quits working,
and the Cowper-Symonds model was used for the effect of
strain rate. A factor associated with the strain rate represents
the yield stress. As shown in Fig. 4, the default means that the
effect of strain rate is not considered in calculation. In Eq. (1),
the default strain rate and strain rate are considered. In
calculation, the strain effect parameters C and p are taken as
40.5 and 5, respectively [5].Fig. 3. Chamber pressure curves measured in the case of different charge mass.sy ¼
"
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where s0 is the initial yield stress; Ep is plastic hardening
modulus Ep ¼ EtanE=E  Etan, where E is the elastic modulus,
Etan is the tangent modulus; and C and p are the strain effect
parameters.4.2. Mechanical properties of materialsThe material of launching device is gun-steel, the elastic
modulus is 210 GPa, and Poisson's ratio is 0.3. The parameters
of mechanical properties of parts in the cartridge case are
listed in Table 2.
5. Result analysis5.1. Effect of strain rate on numerical resultsThe chamber pressures were calculated without and with
considering the strain rate of material, respectively. The
calculated chamber pressure results are compared with the test
data, as shown in Fig. 5. The numerical calculation results
which were obtained at low chamber pressure are in good
agreement with test data. With the increase in chamber pres-
sure, the numerical calculation result has a great deviation
relative to the test result without considering the strain rate,
and with the further increase in chamber pressure, the trend is
more obvious.
The reason for this is that the relative charge density of
propellant is low at low test chamber pressure, and the burning
speed of gunpowder is slow, too. A delayed yield due toTable 2
Material parameters of cartridge case.
No. Corresponding
no. position
Density
r/(kg$m3)
Poisson's
ratio m
Yield
limit
sb/MPa
Hardening
modulus
E01=GPa
1 Case mouth 7900 0.3 560 6.3
2 Case body 7900 0.3 800 14.8
3 Weld seam 7900 0.3 850 16.0
4 Base ring 7900 0.3 790 8.1
5 Cartridge
case base
7900 0.3 790 4.1
Fig. 5. The comparison of different material models. Fig. 6. Unit stress curves of different numbers.
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very different from each other. With the increase in charge, the
bore pressure curve rises rapidly, the strain rate increases in
the launching process of cartridge, and the effect of material
rate is obvious [6]. The result shows that the failure model
considering the effect of material rate can be used accurately
to simulate the launching process of cartridge case in bore, and
the effect of material rate in the launching process should not
be ignored.5.2. Analysis of cartridge deformationThe launching process of cartridge case in bore, which
considers the effect of material rate, was analyzed. Since the
chamber pressure of cartridge case is high, the numerical
result of maximum chamber pressure (174.9 MPa) is closer to
the actual chamber pressure. Table 3 lists the forces applied on
various parts and the deformation of cartridge case during
launch, with the maximum chamber pressure of 174.9 MPa. It
can be seen from Table 3 that the force in the axial direction of
cartridge case is mainly applied on the ring of cartridge base,
followed by the occurrence of the cylinder is connected to the
bottom ring section of a ring weld. It follows that the base is
the most damageable component of the cartridge case. The
tensile strength of welds should be enhanced to prevent them
cracking.
Because of the initial gap between the interior wall of
chamber wall and the outer wall of cartridge case, the
maximum plastic deformation of the cartridge case occurs
before the maximum pressure in chamber is reached, and the
equivalent stress increases rapidly. When the radialTable 3
The cartridge unit dynamic data in each part.
Cartridge position Unit number Pressure/MPa Max stress
time/ms
Mouth 48,168 780.84 6.00
Case body 7790 745.66 6.29
Girth weld 7255 960.87 7.15
Ring of cartridge base 7244 979.60 7.18
Cartridge base 3574 566.95 7.12deformation of the cartridge case is bigger than the initial gap,
the cartridge case clings to the interior wall of cartridge
chamber. After slinging, the cartridge case and the cartridge
chamber tend to radially expand, cartridges achieve maximum
stress. Then the stress of the cartridge case begins to slowly
reduce, and declines rapidly at the maximum chamber pres-
sure point [7].
It can be seen from Fig. 6 that the stress on each part of
cartridge case increases rapidly with the increase in cartridge
chamber pressure. The cartridge case undergoes a rapid and
large deformation due to the presence of initial gap. As the
chamber pressure continues to rise, the radial deformation
continues after the cartridge case clings to the chamber tightly.
At this time, the deformation of cartridge case is dominated by
the plastic strain, and a recoverable elastic deformation occurs
in the chamber. With the increase in stress, the plastic hard-
ening and elastic deformation of chamber lead to the
maximum equivalent stress. After the maximum bore pressure
is achieved, the reverse loading takes place on the outer wall
of the cartridge case, which from the elastic recovery strain of
chamber. In Fig. 6, the reverse loading can be reflected by the
short smooth transition sections on the descending parts of
equivalent stress curves of Unit 48,168, 7790 and 7255.
As shown in Fig. 7, the change tendency of the cartridge
equivalent plastic strain is that it decreases from the mouth to
the base. The biggest plastic deformation occurs at the month
to insure a good obturating role, reducing the erosion on the
cartridge chamber by gunpowder gases and extending barrel
life. However, in order to make the full combustion of gun-
powder by improving the bore pressure, it needs to have a
certain bullet pull strength, which in turn requires the mouthChamber clinging
time/ms
Initial gap/mm Appearing time of max
bore pressure/ms
5.54 0.15600 7.5
6.19 0.13841 7.5
6.65 0.15175 7.5
6.93 0.15810 7.5
e 0.14040 7.5
Fig. 7. Equivalent plastic strains.
353H.D. ZHAO et al. / Defence Technology 10 (2014) 349e353with certain strength. The actual production optimization goals
need to weigh this contradiction [8].
6. Conclusions
Semi-closed bomb tests and computer numerical calcula-
tion method were both used in this paper. A reasonable ma-
terial constitutive model was chosen, and the launching
process at the chamber pressure of 174.9 MPa was analyzed.
The conclusions have been drawn as follows.
1) The kinematic hardening constitutive model, which con-
siders the effect of linear material rate, in LS-DYNA
explicit dynamic analysis software can be used to reflect
the stresses and deformations of cartridge parts during
launch more reasonably.2) The cartridge case clings to the bore from the mouth to the
base and the equivalent plastic strain decreases gradually
during launch. The cartridge material should not only have
good ductility but also have certain strength to achieve the
desired bullet pull strength.References
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